Winged bean callus was adapted to increasing concentrations of NaCI by sequential transfer to medium with 0, 0.5, 1.0, 1.5, and 2.0% (w/v) NaCI. When the culture media, after cell suspension cultures of callus adapted to 0.5 (SA-0.5), 1.0 (SA-1.0), 1.5 (SA-1.5), or 2.0% (w/v) NaCI (SA-2.0), were analyzed by sodium dodecylsulfate-polyacrylamide gel electrophoresis, six specific or enhanced polypeptide bands (SAP1, -2, -3, -4, -5, and -6) were observed. SAPI, with a molecular weight of 84,000, was abundantly secreted in suspension cultures of SA-1.0 and SA-1.5, and was observed as the most striking polypeptide band. The SAP1 yield was about 4 mg/g cells fresh weight. SAP1 was abundantly secreted after the suspension culture of SA-1.0 in the presence of AIC13, but little was secreted in the presence of KCI, LiCI, CaCI2, MgC12, mannitol, sucrose, or abscisic acid. SAP1 was purified from the culture medium after suspension culture of SA-1.0 in the presence of 1.0% (w/v) NaCI. Two steps, ammonium sulfate fractionation and CM-cellulose chromatography, were sufficient for purification to homogeneity. Finally, about 5 mg of SAPN could be isolated from 7 g of fresh callus cells. Of the amino-terminal 32 amino acid residues of SAP1, 10 and 5 were found to be hydroxyproline and proline, respectively. SAPN on an acrylamide gel was stained by the periodic acid-Schiff method. It is interesting that SAPN has pentahydroxyproline blocks (Hyps) instead of tetrahydroxyproline blocks (Hyp4) common to many hydroxyproline-rich glycoproteins in dicotyledons. Thus, this novel hydroxyproline-rich glycoprotein was shown to be abundantly secreted from NaCI-adapted winged bean cells.
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Several new proteins, referred to as stress proteins, are reported to be synthesized in response to an altered environment in higher plants (28) . The physiological changes in the salt adaptation process are also accompanied by increases in some proteins. The most extensively characterized of these proteins is osmotin, which accumulates in vacuoles after osmotic stress in some dicotyledonous plants (31) . The biological function of osmotin has not been clarified, although it has been reported that the protein is homologous to aamylase/trypsin inhibitor (32) . On the other hand, it has been reported that thaumatin-like protein is specifically secreted from salt-adapted tobacco cells (14) . In monocotyledonous plants, rab2l protein, which is shown to be a glycine-and threonine-rich protein, has been reported to be osmotically (26) . It is not clear how osmotic stress causes the synthesis of specific proteins such as osmotin.
Higher plant cells have cell walls, which affect cell form and play an important role in differentiation (37). The cell wall contains structural proteins such as hydroxyproline-rich glycoproteins (5, 18) , which are rich in hydroxyproline 0-glycosylated by short arabinooligosaccharides (19) . The best characterized hydroxyproline-rich glycoprotein is extensin, a small class of basic hydroxyproline-rich glycoproteins in dicotyledons. Extensins from tomato (33, 34), carrot (35, 36), and soybean (1, 29) consist of one-third protein and twothirds carbohydrate composed of a large amount of arabinose (21) , and contain a characteristic repeat of the pentapeptide Ser-Hyp-Hyp-Hyp-Hyp (6, 10) . Most of extensins are covalently bound to the cell wall and may contribute to cell wall extensibility, strength, and rigidity (9, 13) . Furthermore, extensins may play a role in the protection of the plant from pathogen attack and desiccation at the wounded surface, because they are induced by fungal infection (30) or by wounding (8, 10, 24) .
Mature extensin is insoluble and cannot be solubilized by salts (20, 23, 35) , detergents (12), dilute acids, or alkalis (18) . For example, extensin was not released by extracting washed cell wall preparations with 1 M NaCl (20, 23) . Perhaps the intramolecular linkage involving isodityrosine formation is responsible for the insolubility (12, 20) . The insolubility has prevented the study of extensin for a long time. Chrispeels (7) has reported that extensin monomers, which may be precursors to the insoluble network, are secreted in carrot roots, and that the synthesis and secretion of extensin are enhanced by slicing and aeration of the tissue (8) . Stuart and Vamer (36) first reported the purification of extensin from aerated carrot root. Afterward, extensin was isolated from potato tuber (22) , soybean seed coats (4), tobacco callus (25) , and tomato cells (33). Furthermore, extensin from parenchyma of Phaseolus coccineus has been purified by treatment with acidified chlorite (29) .
Iraki et al. (14, 15) have studied the cell walls of saltadapted tobacco cells. They have showed that only a 29-kD polypeptide, a thaumatin-like protein, is specifically secreted from NaCl-adapted tobacco cells. Bozarth et al. (2) have also reported the extraction of a 28-kD polypeptide from cell walls of water-stressed soybean seedlings. However, the specific secretion of hydroxyproline-rich glycoprotein from saltstressed cells has not been reported yet. We here report that a novel hydroxyproline-rich glycoprotein with pentahydroxyproline (Hyp5) blocks is abundantly secreted into the culture medium from NaCl-adapted winged bean cells. Furthermore, we show that the hydroxyproline-rich glycoprotein can be easily purified from the culture medium.
MATERIALS AND METHODS

Plant Material and Culture Methods
Winged bean seeds (Psophocarpus tetragonolobus L. DC. Nigeria TPT-2) were supplied by the Okinawa Branch of the Tropical Agriculture Research Center, Ministry of Agriculture, Forestry and Fisheries, Japan. They were stored at about 150C until use. The seeds were germinated under aseptic conditions. Calli were induced from the seedlings. Sections (about 5 mm) prepared using a surgical blade under aseptic conditions were cultured in a 100-mL Erlenmeyer flask (five sections/flask) containing 50 mL of Murashige and Skoog's basal medium with 1.0 mg/L 2,4-D, 0.1 mg/L kinetin, 3% (w/v) sucrose, and 0.8% (w/v) agar. The material was grown at 250C in the dark, and the cultures were maintained by transferring about 1 g of the callus every 3 weeks. The callus was adapted to increasing concentrations of NaCl by sequential transfer to medium with 0, 0.5, 1.0, 1.5, and 2.0% (w/v) NaCl. The NaCl-adapted cells are maintained with their respective concentrations of NaCl in the medium. Unadapted cells are designated SA-0 and cells adapted to 0.5, 1.0, 1.5, and 2.0% (w/v) NaCl are designated SA-0.5, SA-1.0, SA-1.5, and SA-2.0, respectively. Suspension cultures were established by inoculating callus cells (1 g), which had been subcultured at about 3-week intervals for more than a year, into a 200-mL Erlenmeyer flask containing 50 mL of Murashige and Skoog's basal medium with 1.0 mg/L 2,4-D, 0.1 mg/L kinetin, and 3% (w/v) sucrose. These cultures were agitated on a rotary shaker at 100 rpm at 250C.
Purification of SAPI
SAP1 was purified from the culture medium (350 mL) after the suspension culture of SA-1.0 (7 g) was grown in the medium containing 1.0% (w/v) NaCl for 4 d. Culture medium was fractionated with saturated (NH4)2SO4 solution at pH 7.0, and the proteins, precipitated between 45 and 70% saturation, were collected and dissolved in 0.01 M Tris-HCl buffer, pH 6.5. The protein solution thus obtained was applied to a CM-cellulose column (2 mL) that had been equilibrated with the above buffer; proteins were stepwise eluted from the column with 0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, and 0.7 M NaCl (3 mL each) in the same buffer. Fractions (3 mL each) were collected. The respective fractions were analyzed by SDS-PAGE. The fraction that contained the most abundant SAP1 protein was used as the purified preparation (about 5 mg of protein). All the procedures were performed at about 40C. PAGE SDS-PAGE was run in a gel containing 12% (w/v) polyacrylamide and 0.1% (w/v) SDS by the method of Laemmli (16) . The sample was heated at 1000C for 10 min in 0.01 M Tris-HCl buffer, pH 7.0, containing 2% (w/v) SDS, 2% (w/ v) mercaptoethanol, and 5% (w/v) glycerol before the electrophoresis. The gels were stained with Coomassie brilliant blue R.
Analysis of Amino Acid Sequence and Protein Assay
Amino acid sequence was analyzed as described previously (11) . Automated Edman degradations were performed by using the Applied Biosystems 477A gas-phase sequencer. Phenylthiohydantoin amino acids were identified by using the Applied Biosystems 120A PTH analyzer.
Protein was assayed according to Bradford (3) , with BSA standards.
RESULTS
Selection of NaCI-Adapted Cell Lines from Winged Bean Callus
Winged bean callus induced from the cotyledons was adapted to increasing concentrations of NaCl by sequential transfer to medium with 0, 0.5, 1.0, 1.5, and 2.0% (w/v) NaCl. The growth of callus adapted to 0.5 (SA-0.5), 1.0 (SA-1.0), or 1.5% (w/v) NaCl (SA-1.5) was comparable to that of unadapted callus (SA-0) grown in the absence of NaCl, although the lag phase of adapted callus was longer than that of unadapted callus grown in the absence of NaCl ( The culture media from cell suspension cultures of NaCladapted winged bean callus (SA-0.5, SA-1.0, SA-1.5, and SA-2.0) and unadapted callus (SA-0) grown for 2, 4, 6, 10, or 15 d were analyzed by SDS-PAGE (Fig. 2) . Six specific or enhanced polypeptide bands (SAPi, -2, -3, -4, -5, and -6) were observed in the culture media after cell suspension cultures of NaCl-adapted callus. The molecular masses of SAP1, -2, -3, -4, -5, and -6 were approximately 84, 57, 41, 21, 19, and 17 kD, respectively. SAP1, an 84-kD polypeptide, was abundantly secreted after suspension culture of SA-1.0 for only 2 d in the presence of 1.0% (w/v) NaCl and was the most striking polypeptide band (Fig. 2) . The accumulation of SAPi in the medium gradually increased during the culture of SA-1.0. After 6 d of culture, the SAPM yield was about 4 mg/g cells fresh weight. On the other hand, the polypeptide was not detected at all in the culture medium after culture of unadapted callus A 1 2 3 4 5 (SA-0) in the absence of NaCl (Fig. 2) . SA-1.5 cells also secreted SAP1 into the culture medium in the presence of 1.5% (w/v) NaCl, although the rate of the secretion was less than that in SA-1.0 (Fig. 2) . In SA-0.5 cells, SAP1 was only slightly detectable in the medium after culture for 2, 4, 6, or 10 d in the presence of 0.5% (w/v) NaCl (Fig. 2) . However, the polypeptide was abundantly present in the medium after culture for 15 d. In SA-2.0, SAP1 did not accumulate to very high levels, although the polypeptide was seen as the major band after culture for 4 or 6 d (Fig. 2) . This may be due to slower growth of SA-2.0 cells. SAPN Secretion from Unadapted Cells Cultured in the Presence of NaCI SAP1 secretion from unadapted cells cultured in the presence of NaCl was investigated (Fig. 3) . Little SAPi was secreted into the medium during the suspension culture of unadapted callus (SA-0) for 1 d in the presence of NaCl (Fig.  3) . After culture of the callus (SA-0) for 5 d in the presence . . , , , , -. . . , . . . . . . . . . . * . . . . . of 1.0 or 1.5% (w/v) NaCl, SAPM was significantly secreted into the medium. However, the amount of SAPM secreted from unadapted cells in the presence of NaCi was much less than that from adapted cells in the presence of NaCl. This may be due to the difference in viability between unadapted and adapted cells in the presence of NaCl. To make it clear whether SAP 1 is secreted in response to osmotic stress, salt stress, or neither, the effect of addition of 171 mM KCl, LiCl, CaCl2, MgCl2, AlCl3, mannitol, or sucrose on SAPM secretion from SA-1.0 was investigated. As shown in Figure 4 , SAPM was abundantly secreted during the suspension culture of SA-1.0 in the presence of 171 mm AlCl3, and the amount of SAPM accumulated in the medium was comparable to that in the presence of 1.0% (171 mM) NaCl. On the other hand, small amounts of SAPM were secreted in the presence of KCl, LiCl, CaCl2, or sucrose, but not in the presence of MgCl2 or mannitol (Fig. 4) .
It is well known that ABA increases in osmotically stressed plants and that ABA applied exogenously induces biochemical changes similar to those produced by salt. Furthermore, this hormone is known to accelerate the salt adaptation process. Therefore, the effect of ABA on SAPM secretion was investigated ( These results suggest that SAP1 secretion may not be caused only by osmotic stress. Furthermore, it was disproved that NaCl specifically stimulated SAPM secretion, because AlC13 also stimulated SAPM secretion.
Purification of SAPi
To characterize and identify SAP1, we purified SAP1 from the culture medium (350 mL) after suspension culture of SA-1.0 (7 g) for 4 d in the presence of 1.0% (w/v) NaCl. After fractionation with saturated (NH4)2SO4 solution, 45 to 70% saturation, the protein solution was applied to a CM-cellulose column and stepwise eluted by 0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, and 0.7 M NaCl. When the most pure fraction, which is eluted by 0.4 M NaCl, was subjected to SDS-PAGE, a single polypeptide band with Mr 84,000 was observed (Fig. 6) . Thus, only two steps were sufficient for purification to homogeneity. Finally, about 5 mg of SAP1 was isolated from 7 g of fresh callus cells.
Characterization and Identification of SAPi
The amino acid sequence of the amino-terminal part (32 amino acid residues) of the purified SAP1 preparation was determined (Fig. 7) . It is interesting that 10 by the periodic acid-Schiff method (data not shown). Thus, SAP1 is a hydroxyproline-rich glycoprotein, which are known to be structural proteins in cell walls of higher plants. In general, hydroxyproline-rich glycoproteins in dicotyledons have tetrahydroxyproline (Hyp4) blocks. In the amino acid sequence of SAP1, however, there are two pentahydroxyproline (Hyp5) blocks (Fig. 7) . This suggests that SAP1 may be a novel hydroxyproline-rich glycoprotein.
DISCUSSION
Winged bean callus could be easily adapted to 2.0% (w/v) NaCl by sequential transfer to medium with higher concentrations of NaCl. Winged bean, which has attracted special interest as a high protein and oil food source of the humid tropics, is a tropical legume, and possesses thermal and drought resistance (27) . These properties may expedite acquiring winged bean callus adapted to high concentrations of NaCl.
Six new or enhanced polypeptide bands (SAP1, -2, -3, -4, -5, and -6) were observed in the culture medium after cell suspension culture of NaCl-adapted winged bean callus. In particular, SAP1, with a mol wt of 84,000, was abundantly secreted from the adapted cells. By only two steps, ammonium sulfate fractionation and CM-cellulose chromatography, SAP1 could be easily purified from the culture medium after suspension culture of SA-1.0 (callus adapted to 1.0% NaCl) in the presence of 1.0% NaCl. Finally, about 5 mg of purified SAP1 could be obtained from the culture of 7 g of fresh callus cells. The amino acid sequence of the N terminus of the purified SAP1 preparation reveals a high content of hydroxyproline and proline (10 and 5 of 32 amino acid residues, respectively). In addition, SAP1 was suggested to be a glycoprotein because it was stained by the periodic acidSchiff method. Thus, SAP1 must be a hydroxyproline-rich glycoprotein.
Hydroxyproline-rich glycoproteins are known to be structural proteins in the cell walls of higher plants (5, 17, 37) . The best-characterized hydroxyproline-rich glycoproteins are the extensins, a small class of basic hydroxyproline-rich glycoproteins in dicotyledons (19) . Extensins are well known to contain a characteristic repeat of pentapeptide Ser-Hyp4 (tetrahydroxyproline blocks), in which proline residues are hydroxylated and glycosylated. However, SAP1 has pentahydroxyproline blocks (Hyp5) instead of tetrahydroxyproline blocks (Hyp4), suggesting that SAP1 may be a novel hydroxyproline-rich glycoprotein. The abundance of SAP1 secreted by NaCl-adapted winged bean cells also deserves special emphasis. Smith et al. (33) have reported the isolation of hydroxyproline-rich glycoprotein by direct elution of intact tomato cell suspension cultures. They showed that the hydroxyproline-rich glycoprotein yield was about 0.2 mg/g cells fresh weight. On the other hand, SAP1 yield was about 4 mg/g cells fresh weight. Thus, the SAP1 yield was about 20 times the yield reported by Smith et al. This is perhaps the highest yield that has ever been reported for such a molecule. It is quite interesting that a novel hydroxyproline-rich glycoprotein with pentahydroxyproline blocks is abundantly secreted from NaCl-adapted winged bean callus in the presence of NaCl. Extensins are reported to be induced by stresses such as fungal infection (30) and wounding (8, 10, 24) , and become insolubilized in cell walls with time (13) . For example, maize extensin mRNA was reported to be specifically induced at wound sites in young tissue (24) . Furthermore, it has been reported that extensin mRNA increases during cold acclimation of pea seedlings (38). Thus, there is a possibility that the abundant secretion of hydroxyproline-rich glycoprotein from NaCl-adapted winged bean cells is caused by salt or osmotic stress. However, the abundant secretion was not observed when the cells were grown in medium containing the same molarity of KCl, LiCl, CaCl2, MgCl2, mannitol, or saccharose. Furthermore, secretion of the glycoprotein could not be brought about by adding ABA, a plant hormone that induces biochemical changes similar to those produced by salt or osmotic stress.
These results suggest that the hydroxyproline-rich glycoprotein may not be abundantly secreted only in response to salt or osmotic stress. It will be necessary to investigate whether the de novo synthesis of hydroxyproline-rich glycoprotein in adapted cells is enhanced by adding NaCl. On the other hand, another possibility is that the abundant accumulation of hydroxyproline-rich glycoprotein in culture medium is due to specific elution from the surface of winged bean cell suspension culture by salt solution. Most extensins are covalently bound to cell walls and, therefore, not extractable by 1 M NaCl (20, 23 
